We investigated the effects of transplantation of CXCR4-overexpressing adipose tissue-derived stem cells (ADSCs) into a mouse diabetic hindlimb ischemia model on homing and engraftment as early as 48 h after transplant. CXCR4-overexpressing ADSCs were intramuscularly or intravenously injected into diabetic mice with hindlimb ischemia. After 48 h, muscle tissues in the femur and tibia were collected, and the CXCR4 expression pattern was analyzed by immunofluorescence staining. The homing and engraftment of transplanted CXCR4-overexpressing ADSCs into the ischemic area were significantly increased, and intravenous (systemic) injection resulted in the more effective delivery of stem cells to the target site 48 h posttransplantation. Furthermore, CXCR4-overexpressing ADSCs more efficiently contributed to long-term engraftment and muscle tissue regeneration than normal ADSCs in a limb ischemia model. In addition, the homing and engraftment of ADSCs were correlated with the CXCR4 transfection efficiency. These results demonstrated that enhanced CXCR4 signaling could significantly improve the early homing and engraftment of ADSCs into ischemic areas as well as the long-term engraftment and ultimate muscle tissue regeneration.
INTRODUCTION
Diabetes mellitus (DM) is a major cause of a variety of severe complications, such as cardiovascular-, renal-, nervous system-, and ischemic-related diseases 1 . Improperly controlled or long-term DM may cause problems in blood vessel-related tissues or organs, leading to premature vascular disease (PVD) 2 . Diabetic hindlimb ischemia involves muscle infarction resulting from poorly controlled and long-term DM. Critical hindlimb ischemia originated from DM causes arterial occlusive disease and reduces the formation of new blood vessels. Therefore, ischemic tissue may undergo necrosis because of poor nutrient supply at the injured site 3 . Many approaches have been attempted to treat diabetic ischemic disease, including angioplasty, femorodistal bypass 4 , application of vascular endothelial cell growth factor (VEGF) and hepatocyte growth factor (HGF) 5 gene transfer, and stem cell transplantation, such as with hematopoietic stem cells (HSCs), mesenchymal stem cells (MSCs), and adipose tissue-derived stem cells (ADSCs) [6] [7] [8] . Nevertheless, no effective therapeutic method has been developed that can completely cure diabetic hindlimb ischemic disease.
When a tissue or an organ is damaged by disease or injury, signaling is induced throughout the area to initiate the repair of the damage. This signaling may recruit preexisting stem cells or various precursor cells such as HSCs, MSCs, and endothelial precursor cells (EPCs) or involve chemokines. Chemokine stromal cell-derived factor-1a (SDF-1a), a chemotaxic recruiting agent, is the main factor that induces the migration of stem cells to repair damaged tissue [9] [10] [11] . C-X-C chemokine receptor type 4 (CXCR4) is the receptor for SDF-1, and SDF-1a/CXCR4 signaling plays an important role in the migration of preexisting or externally transplanted stem cells to the damaged site [12] [13] [14] [15] [16] . Recent studies have reported that only a small population of stem cells expresses CXCR4 and that the transplantation of CXCR4 + stem cells enhanced angiogenesis in ischemic disease [17] [18] [19] . Among the population of stem cells, only a small number express CXCR4 20, 21 . In addition, when numerous stem cells are transplanted into the ischemic tissue, therapeutic expectancy is limited due to the diminution of stem cell viability in the poor conditions of the ischemic tissue 22, 23 .
To overcome these obstacles, we enhanced CXCR4 expression in ADSCs using lentiviral infection techniques and then determined whether CXCR4-overexpressing ADSCs could improve homing and engraftment in a diabetic hindlimb ischemia model.
Previously, we demonstrated the effects of human ADSCs on the healing of ischemic wounds in a diabetic nude mouse model 24 . In the current study, we used modified ADSCs that were transfected with CXCR4 to improve engraftment as well as ischemic wound healing in limb ischemia. We also compared local, direct intramuscular (IM) injection and systemic, intravenous (IV) injection as ADSC transplantation techniques and evaluated the effects on the site-specific homing of CXCR4-overexpressing ADSCs.
MATERIALS AND METHODS

Induction of Hindlimb Ischemia, DM, and DM Hindlimb Ischemia
Animal procedures were approved by the Asan Medical Center Animal Care Committee (University of Ulsan College of Medicine, Seoul, South Korea). BALB/c-nu mice (male, 8 weeks old; Orient Bio Inc., Seongnam, South Korea) were used in this study. All animals were fed a standard pellet laboratory diet, provided water ad libitum, and maintained in the laboratory of animal research at the Asan Institute for Life Sciences, Seoul, South Korea. The animals were kept in a clean conventional environment using microisolator cages and racks. All animals were given sterilized drinking water and autoclaved bedding, maintained on a 7:00 am-7:00 pm light-dark cycle, and acclimatized to laboratory conditions for 1 week before use.
The animal model of hindlimb ischemia was developed in nude mice, and the model of diabetic hindlimb ischemia was developed in male nude mice (BALB/ c-nu, 8 weeks old; Orient Bio Inc.). All animal procedures were approved by the Asan Medical Center Animal Care Committee. DM was induced by a single peritoneal injection of 150 mg/kg streptozotocin (STZ) (Sigma-Aldrich, St. Louis, MO, USA) in 0.01 M sodium citrate (pH 4.5; Sigma-Aldrich). Blood glucose levels were checked daily and kept between 400 and 500 mg/ dl. After 3 weeks, hindlimb ischemia was induced in the diabetic mice model. Anesthesia was induced by peritoneal injection using a 3:2 mixture of tiletamine/ zolazepam (Zoletil; Virbac, Carros, France) and xylazine (Rompun; Bayer Korea, Seoul, South Korea) with a dose of 5 mg/kg Zoletil
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. Skin incision at the femoral region was performed by surgical blade, and the femoral artery and branch (near external iliac artery) were then ligated twice using titanium clips (Ligaclip Small; Ethicon Inc., Somerville, NJ, USA), and skin was sutured by 4-0 nylon suture (Ethiolon; Ethicon Inc.).
Mixed-breed canines were purchased from Orient Bio Inc., with approximately 25 kg of body weight. Canine ischemic models were generated as follows. Under general anesthesia, the femoral arteries in both lower limbs were dissected and encircled with an ameroid constrictor (Research Instruments NW, Inc., Lebanon, OR, USA) with an inner diameter of 1.5 mm. Cefazolin (20 mg/kg; Chong Kun Dang Pharmaceutical Corp., Seoul, South Korea) was subsequently injected intramuscularly twice a day for 3 days. After 4 weeks, we confirmed the complete occlusion of the femoral artery by Doppler examination. Stem cells were injected intramuscularly in the right limbs of the canines, while an equal volume of normal saline was injected into the same muscle location in the control (left) ischemic limbs. A total of 1 ´ 10 7 ADSCs (RNL Bio, Seoul, South Korea) were injected. Eight weeks after cell transplantation, the canines were reanesthetized. Ischemic muscles that underwent cell injection were harvested for histologic analysis.
Cell Preparation
ADSCs were obtained from RNL Bio. Cells were maintained in minimum essential medium-a (MEM-a) (Gibco, Grand Island, NY, USA) with 10% fetal bovine serum (FBS; Gibco) and 1% antibiotic/antimycotic solution (Gibco). ADSCs were maintained at 37°C in a humidified atmosphere containing 5% CO 2 in basal culture medium (Gibco), which was changed every 3 days.
Construction and Production of Lentiviral Vectors
The genetic manipulation of cells was approved by Korea University (Seoul, South Korea), and the handling facility for lentivirus was assigned at Hana Science Building, Room #616, Korea University. The hCXCR4 complementary DNA (cDNA; NdeI-MluI 1.0-kb fragment) was cloned into the pWPI lentiviral vector (Fig. 1) , which was a gift from Dr. Trono (Université de Genève, Switzerland), between the elongation factor 1-a (EF1-a) promoter and the encephalomyocarditis virus (EMCV) internal ribosomal entry site (IRES)-green fluorescent protein (GFP). The same vector carrying a GFP gene, pWPT-GFP (plasmid #12255; Addgene, Cambridge, MA, USA), was used as a negative control (with comparable results). Lentiviral particles were produced by transient transfection of 293T cells using a calcium phosphate transfection technique. The following plasmids were used: a packaging CXCR4 FOR HOMING AND ENGRAFTMENT IN LIMB ISCHEMIA 193 plasmid (psPAX2; plasmid #12260; Addgene), an envelope plasmid (pMD2.G; plasmid #12259; Addgene) from the vesicular stomatitis virus glycoprotein envelope (VSV-G), and transfer vectors (pWPI and pWPT) as described previously 26, 27 . Briefly, 5-6 ´ 10 6 293FT cells were seeded onto 100-mm tissue culture dishes 24 h before transfection. The three-plasmid mixture consisted of 15 µg of packaging plasmid, 6 µg of envelope plasmid, and 20 µg of vector plasmid, proportions that had been empirically shown to maximize vector particle production. The medium conditioned by vector-producing cells was harvested 48 h later, cleared by centrifugation, and filtered through a 0.45-µm filter. The medium was then ultracentrifuged at 100,000 ´ g for 2 h at 4°C in a Beckman Optima X series ultracentrifuge. After the spin supernatant was discarded, the virus was resuspended in the desired volume of phosphate-buffered saline (PBS)-1% bovine serum albumin (BSA) (Sigma-Aldrich), and aliquots were stored at −70°C for further analysis. Determination of the titer of each viral supernatant was performed by assessing GFP expression by flow cytometry.
Delivering the CXCR4/GFP Genes Using the Lentiviral Vector
ADSCs were infected with the lentiviral vector carrying the GFP or GFP/CXCR4 genes. The lentiviral vector included the pWPT-GFP plasmid only or a combination of the pWPT-GFP and pWPI-CXCR4 plasmids. For lentiviral transduction, 1 ´ 10 6 cells were cultured in 100-mm culture dishes. Cells were then mixed with conditioned medium containing the viral vector and harvested after 72 h in culture. To determine the efficiency of viral infection, more than 10,000 labeled cells were acquired, and the GFP and CXCR4 expression pattern was analyzed using a FACSCalibur system (BD Biosciences, Franklin Lakes, NJ, USA).
Transplantation of Cells
ADSCs in Hank's balanced salt solution (HBSS; Gibco) were transplanted 24 h after induction of diabetic hindlimb ischemia at a density of 1 ´ 10 6 cells per mouse by IM or IV injection.
Experimental Groups
Set 1. A total of 24 mice were divided into the following six groups: (1) DM only, (2) DM ischemia, (3) DM ischemia and GFP-hADSC (IM injection), (4) DM ischemia and GFP-hADSC (IV injection), (5) DM ischemia and CXCR4-hADSC (IM injection), and (6) DM ischemia and CXCR4-hADSC (IV injection). Then 48 h after cell transplantation, muscle tissues that underwent cell injection were harvested for histologic analysis.
Set 2.
A total of 20 mice were divided into the following five groups: (1) ischemia only, (2) ischemia and GFP-hADSC (IM injection), (3) ischemia and GFPhADSC (IV injection), (4) ischemia and CXCR4-hADSC (IM injection), and (5) ischemia and CXCR4-hADSC (IV injection). Then 96 h after cell transplantation, muscle tissues that underwent cell injection were harvested for histologic analysis.
Set 3. Two canines (four legs) were used for an ischemia model and were divided into four groups: two legs for ischemia only, one leg for ischemia and GFP-hADSC (IM injection), and one leg for ischemia and CXCR4-hADSC (IM injection). Then 8 weeks after cell transplantation, muscle tissues that underwent cell injection were harvested for histologic analysis.
Histological Analysis
Animals were sacrificed at different time points after transplantation by CO 2 inhalation. Muscle tissues from the femur and tibia were obtained at autopsy. The samples were embedded in optimum cutting temperature (OCT) compound and stored at −80°C. Frozen tissues were sectioned into 4-µm-thick slices, placed on slides, and stained with Masson's trichrome (MT) (Sigma-Aldrich).
Immunofluorescence Analysis
Frozen sections were fixed in acetone for 15 min at room temperature (RT). Fixed slides were washed in PBS and incubated for 1 h with PBS including 20% normal goat serum (NGS) (Sigma-Aldrich) and 1% BSA at RT. Sections were incubated with mouse anti-human GFP primary antibody (Chemicon, Temecula, CA, USA) for 1 h 30 min at RT. After rinsing with PBS (0.1% Tween 20; Sigma-Aldrich), fluorescein isothiocyanate (FITC)-labeled secondary antibody (Santa Cruz Biotechnology Inc., Santa Cruz, CA, USA) was applied for 2 h 30 min at RT. After rinsing with PBS (0.1% Tween 20), secondary blocking was performed with PBS including 20% donkey serum (Sigma-Aldrich) and 1% BSA. Sections were then incubated with CXCR4 mouse monoclonal antibody (Santa Cruz Biotechnology, Inc.) for 1 h 30 min at RT, followed by rinsing with PBS (0.1% Tween 20). The sections were incubated with cyanine3 (Cy3)-conjugated secondary antibody (Jackson Immunoresearch, West Grove, PA, USA) for 2 h 30 min at RT and then incubated with 4¢,6-diamidino-2 phenylindole dihydrochloride (DAPI) (Sigma-Aldrich) for 5 min at RT. After rinsing with PBS (0.1% Tween 20), sections were mounted with 50% glycerol-PBS including 0.5 mM ascorbic acid (Sigma-Aldrich) and examined with an Olympus 1X71 inverted fluorescence microscope (Olympus Corp., Tokyo, Japan). Fluorescence intensity was quantified using ImageJ software (ImageJ for Windows, Version 1.50i; NIH, Bethesda, MD, USA; available in the public domain at http://rsb.info.nih.gov/ij/index.html), and statistical significance was analyzed using SPSS Statistics for Windows, Version 23.0 (IBM Corp., Armonk, NY, USA).
Angiography
The canines were reanesthetized 8 weeks after cell transplantation. After exposure of the abdominal aorta, a contrast dye (Ultravist 370; Schering, South Korea) was injected into the abdominal aorta and the angiograms of the limbs were obtained. After angiography, the ischemic muscles that underwent cell injection were harvested for histological analysis.
RESULTS
Flow Cytometric Analysis of GFP and CXCR4 Expression in Modified ADSCs
Lentiviral-mediated CXCR4 overexpression in ADSCs was verified by fluorescence-activated cell sorting (FACS) analysis. The FACS data showed that CXCR4 expression was significantly higher (99.92%) in CXCR4-overexpressing ADSCs than in ADSCs transfected with the GFP vector only (3.36%) (Fig. 2) .
Transfection Efficiency of CXCR4 Analyzed by FACS
Although the transfection method had been preoptimized previously, the transfection efficiency was different in each ADSC batch and experiment. In the set 1 experiment, both GFP and CXCR4 expression levels were very high, at over 98% of transfected cells (Fig. 2 and Table 1 ). In the set 2 experiment, GFP + cells represented about 65.4% and CXCR4
+ cells represented about 16.5% of total transfected cells, respectively, in each group. In the set 3 experiment, GFP + cells represented over 98% but CXCR4 + cells represented around 66.9% of total transfected cells (Table 1) . Interestingly, the engrafting pattern seems to be correlated with CXCR4 transfection efficiency (Figs. 3-8) .
CXCR4 + and GFP + Cells Were Detected by Immunofluorescent (IF) Staining in Mouse Diabetic Hindlimb Ischemic Muscle 48 h Posttransplantation
Homing and engraftment of CXCR4-overexpressing ADSCs in diabetic hindlimb ischemia were assessed 48 h posttransplantation. In the set 1 experiment, the transfection rate was as high as 99.83% for GFP and 99.92% for CXCR4 ( Fig. 2 and Table 1 ). The level of CXCR4 expression was investigated by IF staining. GFP and CXCR4 were predominantly expressed in the diabetic ischemic hindlimb muscle in GFP/CXCR4-transfected ADSCs. CXCR4-overexpressing ADSCs migrated and engrafted to a higher degree in the damaged muscle site than ADSCs expressing GFP alone at 48 h posttransplantation in both the IM and IV injection groups. In the GFP-alone group with direct IM injection of cells into the damaged hindlimb site, almost no cells were detected 48 h posttransplan tation (Fig. 3) . Fluorescence intensity was quantified using ImageJ software (ImageJ for Windows, Version 1.50; NIH), and statistical significance was analyzed using SPSS. All results were statistically significant (p < 0.01, p < 0.001) (Fig. 4) .
CXCR4 + and GFP + Cells Were Detected by IF Staining in Mouse Hindlimb Ischemic Muscle 96 h Posttransplantation
Homing and engraftment of CXCR4-overexpressing ADSCs in hindlimb ischemia were assessed 96 h posttransplantation. In the set 2 experiment, the transfection rate was as low as 65.43% for GFP and 16.57% for CXCR4 (Table 1) . CXCR4 transfection efficiency is almost one fourth of GFP (Table 1) , but CXCR4-transfected cells are still good for homing into ischemic muscle as GFP-transfected cells (Figs. 5 and 6 ).
CXCR4 + and GFP + Cells Were Detected by IF Staining in Canine Hindlimb Ischemic Muscle 8 Weeks Posttransplantation
Homing and engraftment of CXCR4-overexpressing ADSCs in canine hindlimb ischemia were assessed 8 weeks posttransplantation. In the set 3 experiment, longterm engrafting and muscle regeneration were studied using a canine ischemia model. The transfection rate was 98.2% for GFP and 66.94% for CXCR4 (Table 1) . CXCR4-transfected cells were engrafted successfully into the damaged muscle site and significantly improved muscle regeneration (Figs. 7 and 8 ). Of the control ADSCs (untreated cells) only 5.6% expressed CXCR4, whereas the CXCR4-overexpressing group had an expression level of 66.9% (Table 1) . Homing and engraftment rate were critically correlated with CXCR4 expression levels. Higher homing and engraftment as well as ultimate long-term muscle tissue regeneration were observed in the CXCR4-overexpressing group as expected. All results were statistically significant (p < 0.05, p < 0.01).
Angiography Results for Confirmation of Angiogenesis Effect in the Canine Ischemia Model
GFP-and CXCR4-overexpressing ADSC-treated limbs showed improved vascularity compared to the control ischemia limbs after 8 weeks of transplantation through angiographic analysis (Fig. 9) . The CXCR4-overexpressing treated limbs exhibited the most abundant vascularity. Though the ischemic muscle tissue regeneration rate is lower in the GFP group, angiogenesis seems to be promoted at a similar rate as the CXCR4-overexpressing group (Fig. 9) . We injected about 1 ´ 10 7 human ADSCs into a canine ischemia model, but no immunological responses were detected. CXCR4 (Cy3, red), and nuclei were stained with DNA-binding dye (DAPI, blue). GFP and CXCR4 expression levels were similar both in the IM and IV group of GFP-and CXCR4-overexpressing ADSCs. In this set of experiment, CXCR4 transfection efficiency was less than one fourth of GFP's. Because of the low transfection efficiencies, the CXCR4-transfected cells were not dominant in the damaged muscle site. The damaged site in the diabetic hindlimb ischemic muscle was analyzed by MT staining. i.m., intramuscular; i.v., intravenous. Original magnification: 200×, scale bar: 50 µM. DISCUSSION Methods to improve angiogenesis and muscle regeneration following diabetic hindlimb ischemia by transplantation of proangiogenic factors and stem or progenitor cells have been widely investigated [28] [29] [30] . CXCR4/SDF-1a signaling is a crucial factor for the homing, migration, and engraftment of stem cells [31] [32] [33] . The upregulated expression of SDF-1a, CXCR4, and VEGF in the ischemic tissue is the first step in the process of stem cell homing. In addition, because only a limited number of stem cells among all those transplanted reach and contribute to regeneration in the ischemic tissue at the initial phase of transplantation 34, 35 , it is necessary to enhance the viability and homing ability of transplanted stem cells.
SDF-1a, CXCR4, and Akt signaling are homing-and survival-related factors, and the presence of this signaling at the cell transplantation site can improve stem cell homing and survival 36 . Pasha et al. 37 suggested that preconditioning with SDF-1a enhanced the survival, proliferation, and engraftment of MSCs via SDF-1a/CXCR4 signaling in infarcted myocardium. Moreover, Zhang et al. 38 demonstrated that overexpression of CXCR4 in MSCs enhanced in vivo mobilization and neomyoangiogenesis in the ischemic area.
Tissues under ischemic conditions release stem cellrecruiting factors such as SDF-1a and proangiogenic factors to promote vasculogenesis to repair the ischemic area 13, [39] [40] [41] . On the other hand, DM interferes with these selfrecovering processes 39 , so diabetic ischemia is more likely to worsen than general cases of ischemic disease. In cases of DM-complicated ischemia, the enhancement of stem cell homing efficiency or viability may be more necessary than in non-DM-related cases to improve the chances of obtaining an appropriate number of transplanted stem cells in the damaged area and achieving a good therapeutic effect.
In the present study, we transfected CXCR4 into ADSCs using a lentiviral-mediated infection technique, and the efficiency of ADSC CXCR4 viral infection reached 99.92% (Fig. 2) . These data suggested that our CXCR4-overexpressing ADSCs could reach the site of ischemic muscle more efficiently than pure normal ADSCs. In fact, we demonstrated that the homing of CXCR4-overexpressing ADSCs significantly increased at the ischemic muscle site compared with ADSCs containing the GFP control vector (Fig. 3) .
We also showed enhanced homing and engraftment at the diabetic ischemic injury site in the early stage using systemic (IV) and local (IM) injection of CXCR4-overexpressing ADSCs. As early as 48 h after transplantation, CXCR4 expression seems to be critical for homing and engrafting at the damaged site (Table 1 and Figs. 3 and 4) . When the CXCR4 transfection rate was low (as low as one fourth the transfection efficiency of the GFP group), the homing and engrafting patterns were similar in both groups (Table 1 and Figs. 5 and 6) . Furthermore, when evaluating long-term engraftment and muscle regeneration using a canine ischemia model, the CXCR4-transfected ADSC group not only engrafted successfully into the damaged muscle site but also significantly improved muscle tissue regeneration (Figs. 7 and 8) .
Regarding cell transplantation systems, Yoshida et al. 42 suggested that the conditions in ischemic muscle may sometimes be too severe for directly transplanting stem cells. In addition, they demonstrated that intra-arterial administration offered similar angiogenic effects as IM injection in a rat hindlimb ischemia model 42 . Although many other studies used IM injection techniques for transplantation in ischemic disease 7, 43, 44 , in our system the muscles were exposed to DM for a long time prior to ischemic induction, so the ischemic tissues in our model might have been more severely impaired by DM than in general cases of ischemic muscle. We hypothesized that the systemic transplantation via IV injection might enhance the homing of ADSCs due to avoiding direct contact with the severe conditions in the diabetic ischemic tissue. For severely damaged tissue, as in diabetic limb ischemia, systemic IV injection of stem cells is much more effective than direct IM injection (Figs. 3 and 4) . The set 2 experiment results came out differently as those of the set 1 experiment. Since GFP gene transfection rate was nearly four times higher than GFP/CXCR4, the homing and engraftment rate of the GFP/CXCR4 group was not as good as in the set 1 experiment. Low fluorescence detection at 96 h posttransplantation may originate from the low transfection rate of ADSCs or low cell viability (after transplantation) compared to 48 h posttransplantation. However, we can still speculate that if transfection rates were equivalent in both groups, the CXCR4-overexpressing group (IV) could have been much higher in homing efficiency than the GFP group (IV) (Fig. 6) .
ADSCs have been widely used as a therapeutic cell source in ischemic disease 17, 45 due to their advantages of being simple to obtain and having similar properties as MSCs 46 . There have been many studies on cell-based therapeutic approaches for treating hindlimb ischemia or myocardial infarction 38, 42 and skeletal muscle regeneration 41, 47 , but no successful approach for treating diabetic hindlimb ischemia has been developed.
Overexpression of CXCR4 increases not only migration to the damaged site but also the proliferation of human ADSCs. In this study, we discovered a new therapeutic potential of ADSCs using CXCR4 overexpression techniques and demonstrated that CXCR4-overexpressing ADSCs successfully migrated and engrafted in an animal model of diabetic ischemia. We also showed that CXCR4-overexpressing ADSCs contributed to longterm engraftment and muscle regeneration. Moreover, CXCR4-mediated homing and engrafting were directly correlated with the CXCR4 expression level.
Even in the xenotransplantation setting, there were no signs for human stem cell graft rejection in the canine ischemia model. Since the homing and engraftment rate is critically correlated with the CXCR4 expression level, though ischemic muscle tissue regeneration rate is lower in the GFP group, angiogenesis seems to be similar as that in the CXCR4-overexpressing group (Fig. 9) . It could be hypothesized that CXCR4 − ADSCs might not directly engraft into muscle tissue but contribute to tissue regeneration by promoting angiogenesis. The detailed mechanism and the reason why only CXCR4-overexpressing human ADSCs can engraft for a long time without rejection in the canine ischemia model need to be investigated further.
In summary, although we did not investigate the detailed mechanism in the present study, the CXCR4 molecule is critical for the early homing and engrafting of ADSCs as well as for long-term engraftment and skeletal muscle regeneration including angiogenesis 48,49 via the SDF-1a/CXCR4 signaling pathway 12 . The systemic transplantation of CXCR4-overexpressing cells may serve as an effective therapeutic technique for regenerating muscle in DM-related severe ischemic injuries.
